I nfiltrative hepatocellular carcinoma (HCC) is a relatively rare liver carcinoma subtype accounting for an estimated 7-20% of all diagnosed HCC cases. Compared with the more common nodular subtype, infiltrative HCC lesions usually progress aggressively and are associated with a worse prognosis. Morphologically, this subtype has been characterized by an ill-defined, diffuse and cirrhotomimetic phenotype which may be limited to 1 liver segment but also spread throughout the entire liver parenchyma. 1, 2 On magnetic resonance imaging (MRI), this variant usually manifests as a geographic area of increased signal on T2-weighted images with variable degrees of arterial enhancement, portal venous phase washout, and portal vein tumor thrombosis (PVTT). 1, 3 Given the advanced stages and aggressive nature of infiltrative HCC with a high likelihood of vascular invasion and extrahepatic metastatic disease, surgical resection and liver transplantation are usually not recommended for most patients due to decreased survival expectations. [2] [3] [4] [5] Thus, American Association for the Study of Liver Diseases guidelines recommend systemic treatment with sorafenib as treatment of choice which previously demonstrated a significant survival benefit compared with untreated patients. 4, [6] [7] [8] However, several studies investigated the safety and efficacy of locoregional therapies such as, for example, Yttrium-90 (Y 90 ) radioembolization and concluded that this may be a safe and viable treatment option for these patients. 9, 10 We herein report on 2 patients diagnosed with infiltrative HCC with portal vein tumor thrombus PVTT (American Joint Committee on Cancer [AJCC] stage IIIB) and were therefore, beyond criteria for transplantation. Per Barcelona Clinic Liver Cancer group guidelines, they were enrolled in a prospective open-label radioembolization phase II trial and underwent orthotopic liver transplantation (OLT) after downstaging the disease and exhibiting complete response to therapy using a single high-dose lobar radioembolization followed by a 2-year observation period without concomitant or additional pharmacological or locoregional therapies.
MATERIALS AND METHODS
Case 1, a 58-year-old man (Eastern Cooperative Oncology Group [ECOG] 1), presented with a history of chronic hepatitis C (genotype 1a) and resultant cirrhosis (Child-Pugh A5). Case 2, a 65-year-old man (ECOG 0) presented with a history of alcoholic liver cirrhosis (Child-Pugh A5). The relevant baseline laboratory test results for case 1 were as follows: platelet count, 170,000/μL; international normalized ratio, 1.2; serum albumin, 2.9 g/dL; aspartate aminotransferase, 271 IU/L; alanine aminotransferase, 120 IU/L; total bilirubin, 0.6 mg/dL; alkaline phosphatase, 112 IU/L; and α-fetoprotein (AFP), > 2000 IU/mL. The baseline laboratory test results for case 2 were as follows: platelet count, 125,000/μL; international normalized ratio, 1.21; serum albumin, 2.6 g/dL; aspartate aminotransferase, 65 IU/L; alanine aminotransferase, 44 IU/L; total bilirubin, 1.1 mg/dL; alkaline phosphatase, 201 IU/L; and AFP, > 2000 IU/mL.
Both underwent hepatology evaluation and screening MRI, which demonstrated a 7.3 Â 10.3 cm HCC with infiltrative features predominantly involving segments 6 and 7 with minimal involvement of segments 5 and 8 in case 1; and a 4.5 Â 8.3 cm HCC with infiltrative features predominantly involving segments 5 and 8 with minimal involvement of segment 6 and 7 in case 2. In addition, there was thrombosis of the right anterior and posterior portal veins, with imaging features of tumoral thrombosis present in both patients' tumors ( Figures 1-3 ). An additional chest computer tomography performed in both patients was unremarkable.
Because of the advanced initial tumor stage of both patients with T3bN0M0 (stage IIIb) per the modified AJCC/ Union for International Cancer Control staging system, the tumors were deemed nonresectable and noneligible for liver transplantation at a multidisciplinary tumor board meeting, and the decision to offer locoregional therapy was made. After interventional oncology consultation was performed, and per Barcelona Clinic Liver Cancer guidelines, the patients were enrolled in a prospective open-label radioembolization phase II trial immediately after presentation without undergoing any prior systemic or concomitant therapies.
After analyzing the pertinent imaging in conjunction with the nuclear medicine staff, a determination was made on the liver volume to be treated (case 1 = 900mL, case 2 = 1350 mL) as well as an estimated involvement of the total liver volume (case 1 = 40%, case 2 = 20%). Technecium-99 m macroaggregated albumin hepatic shunt study was then performed demonstrating the pulmonary shunt fraction (case 1 = 12.3%, case 2 = 14.3%). The starting dose was calculated to deliver 120 Gy to the tumors in both case 1 and case 2. The estimated lung dose was calculated (case 1 = 15.9 Gy, case 2 = 27.8 Gy). Based on these calculations, a dose was ordered (case 1 = 69.5 mCi [2.57 GBq], case 2 = 106.1 mCi [3.93 GBq]) and subsequently, the patients' right hepatic artery was selectively catheterized delivering an approximated dose of Y 90 microspheres (case 1 = 63.99 mCi, case 
RESULTS
After radioembolization, the patients demonstrated no residual viable tumor by modified Response Evaluation Criteria in Solid Tumors and European Association for the Study of the Liver criteria (Figures 1-3) . The AFP values dropped significantly 3 months post-radioembolization. Case 1 dropped to an AFP of 84 ng/mL, and case 2 dropped to 127 ng/mL. The patients were then followed clinically for 2 years (case 1) and 1.5 years (case 2), with MRI examinations performed every 3 months. During that period, no disease recurrence or extrahepatic disease progression was observed. In both cases, the right liver lobe became atrophic, and there was early response to therapy by modified Response Evaluation Criteria in Solid Tumors and European Association for the Study of the Liver criteria.
After these periods, the patients were both listed with a Figure 6A ) and in the portal vein from case 2 ( Figure 6B ) was observed. After 24 months (case 1) and 20 months (case 2) of imaging surveillance after OLT, no locoregional or systemic recurrence have been observed (Figure 7) .
DISCUSSION
To the best of our knowledge, these 2 cases represent the first reports of OLT after successful downstaging of AJCC stage IIIB disease that included PVTT and extended diseasefree survival with complete response to therapy using a single high-dose lobar radioembolization followed by a 2-year observation period (1.5 years in case 2) without concomitant or additional pharmacological or locoregional therapies.
Infiltrative HCC with PVTT is a rare presentation and typically yields poorer prognosis than the focal/nodular subtype and lower survival rates. 1, 3, 11 Reported survivals yield 75.4% and 46.0% at 1 and 3 years in patients with focal/nodular HCC in comparison to 33.3% and 13.6% survival at 1 and 3 years in infiltrative HCC. 11 Another study demonstrated a 4.0-month median overall survival (OS) and survival rates at 3 months, 6 months, and 1 year of 63%, 30%, and 8%, respectively. 6 Current standard of care treatment for infiltrative HCC is systemic therapy with sorafenib per the American Association for the Study of Liver Diseases guidelines since surgical resection has shown a poor prognosis with a threefold increased risk of death compared with nodular HCC and a limited 5-year survival rate of 16%. [2] [3] [4] [5] 8 Sorafenib has been shown to increase survival with reported median OS rates of 7.5 months in patients with infiltrated HCC in comparison to those who did not receive tumor therapy (3 months). However, sorafenib still cannot be deemed a curative therapy option because there have been no reports of effective downstaging and subsequent OLT. 6, 7 It should be noted that sorafenib has not been evaluated specifically in infiltrative HCC with PVTT, so no conclusion can be made regarding its use in this patient population.
Transarterial chemoembolization (TACE) has been previously studied in patients with infiltrative HCC demonstrating mixed results. One study showed no benefit in treating infiltrative HCC with chemoembolization, reporting increased morbidity and mortality with decreased OS. 12 However, evidence does show TACE as well tolerated, extending median survival to 12 months as compared with 3 months with supportive measures. Better results have been achieved in patients with initial AFP levels less than 400 ng/mL and bilirubin levels less than 2.0 mg/dL. 1 Others have also reported TACE to be a safe and effective treatment method in this patient population. 13 Research has shown that the use of transarterial radioembolization for the treatment of HCC with PVTT is an effective therapy that yields a higher response rate (50-70%) 14, 15 with a median OS of 13.0 months 14 and an improved median progression-free survival (11.0 months) as compared with similar patients treated with sorafenib (4.1 months). 15, 16 Recently, Y 90 radioembolization therapy for infiltrative HCC with portal venous thrombosis demonstrated a median OS of 13 months and a median time to progression of 9 months. 10 Here, ECOG performance status and Child-Pugh class have been deemed to be independent predictors of time to progression and in addition to hepatobiliary toxicity (grade 2 or higher), they were seen to be predictors of OS. 10 Downstaging of infiltrative HCC to within Milan criteria has been controversial as some consider the criteria to be too stringent. Several studies have looked at downstaging and subsequent survival post-OLT with varying results. [17] [18] [19] Despite the controversy, tumor downstaging to meet Milan criteria for OLT in selected patients has been associated with excellent post-transplant outcomes. 17 Cohort studies comparing the use of TACE and Y 90 radioembolization for downstaging showed that radioembolization was more successful than TACE (58% vs 31%). 20 Although these data are encouraging, little is known about downstaging stage IIIB disease with radioembolization and the long-term outcomes.
These 2 presented cases support attempting to downstage infiltrative disease with PVTT using Y 90 radioembolization before OLT as a potential curative treatment option. Possible rationale to explain the results in these 2 cases might be the degree of cirrhosis with relatively well-preserved liver function (Child-Pugh A5) as well as good preprocedural performance status, both conditions known to be favorable for response to treatment with radioembolization. These cases may also be optimal examples of advanced HCC with PVTT to be treated with high-dose radioembolization because both were unilobar, similar in size, and with ipsilateral branch PVTT. Limitation of this report includes the absence of preradioembolization pathology because all imaging and laboratory workup corroborated the diagnosis of infiltrative HCC before radioembolization therapy.
CONCLUSIONS
These 2 presented cases support that a single treatment of high-dose lobar radioembolization as the first-line therapy in patients with unilobar infiltrative HCC with ipsilateral PVTT could be a safe and efficacious treatment strategy to successfully downstage the tumor for successful liver transplantation and potential cure of the disease.
